WEB OF SCIENTIST: INTERNATIONAL

SCIENTIFIC RESEARCH JOURNAL
ISSN: 2776-0979, Volume 5, Issue 11, November - 2024

OPTIMIZATION OF LOAD GRAPHS OF ENTERPRISES WITH SOLAR
PHOTOVOLTAIC POWER PLANTS
Abdullaev Elnur Akhmatovich
Associate Professor, Jizzakh Polytechnic Institute,
Department of “Energy and Electrical Technology”

Abstract

At present, one of the most important issues at the level of various manufacturing
enterprises is the development of ways for building and efficiently using of renewable
energy sources, especially solar energy. In this regard, this article proposes a
mathematical model of the problem of determining the optimal daily mode of
operation of a photovoltaic system in an enterprise with a private photovoltaic system
connected to the electrical system.
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INTRODUCTION

In the world today, consumers with power plants operating on renewable energy
sources are using the particle swarm optimization method to optimally control the
power, find the best configurations and determine the dimensions of the components.
[1-3]. Many scientific publications have considered the issues of determining the
optimal size of power plants working on renewable energy sources, and minimization
of production and maintenance costs is considered as an objective function. However,
optimal scheduling of consumer load schedules has not been considered in these
developments [4-6].

The advantages of renewable energy sources, unlike oil and gas reserves, are that they
are environmentally friendly and unlimited. Therefore, sooner or later, the energy
supply system of all countries is moving to the widespread use of renewable energy
sources. [7-8]. Therefore, a number of works are being carried out in the Republic of
Uzbekistan on the construction and use of solar and wind power systems from devices
operating at the expense of renewable energy sources. In order to effectively build and
use such devices, it is necessary to determine their optimal parameters in advance
based on the use of suitable mathematical models and algorithms [9-15].
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OPTIMIZATION METHOD

In addition to the solar panels that generate electricity, the solar photoelectric power
station installed at the enterprise includes additional equipment, such as hybrid
inverters, a device that controls the power generated in the photoelectric station and
converts direct current into alternating current, and a monitor system that monitors
the parameters of the station's operating mode. Among these equipments, it is
possible to include the accumulator battery, which is used for rational use of the
generated electricity.
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Figure 1. The principle diagram of the power supply of a consumer with a solar
photovoltaic plant connected to the electric power system

We consider the issue of optimal coverage of the load schedule of an enterprise with a
solar photovoltaic power station with an accumulator battery installed with the help
of this station and the electric power system. Figure 1 shows the principle diagram of
the power supply of a consumer with a solar photovoltaic plant connected to the
electric power system.

In solving this problem, the electric capacity of the battery W, the load graph of the
consumer for the planned day Pi(t), the definition of the purchase of electricity from
the electric power system C;, the power graph of the solar photovoltaic power plant
Ppry(t), the minimum and maximum limit capacities of the battery battery charging
(the discharge capacity is taken with a negative sign) is known data. The unknowns
that can be determined as a result of solving the problem are the optimal active power
graph Pg.pv(t) provided by the solar photovoltaic power plant to the consumer, the
optimal active power graph received from the electric power system (optimal load
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graph of the consumer in relation to the electric power system) Pps(t) and the optimal
charging of the accumulator battery/ the discharge power graph is Pz.pv(t).

To solve this problem, the following mathematical model of the optimization problem
is proposed. According to it, the objective function to be minimized is the function of
the total costs associated with the electricity received from the solar photovoltaic
power plant and the electric power system during the day [16]:

3= [CPY + R, ] min
t=1

here, C: is the price (tariff) of electricity received from the electric power system at t-
th hour of the day; PP(? — active power received from the electric power system at t-th
hour of the day; PG(2V is the active power provided by the solar photovoltaic power
plant at the t-hour of the day; S - the coefficient that includes the costs of production,
installation, operation and maintenance of solar modules and equipment serving it is
calculated.

Boundary conditions:
active power balance in enterprise for each hour of the day:

PU+PM, =PV, t=12..24

the condition that for each hour of the day the power of photovoltaic plant is equal to
the sum of power consumed to charge the battery and power output from the inverter:

PFS;[/) - PBS.tIZ’V = PG('.(I)DV’ t=12..24

the limit condition for the maximum possible charge/discharge capacity of the battery
(negative sign means the discharge power):

1 PB.PV.max < PB.PV = PB.PV.max' t=12,..24

inequality on minimum and maximum power that can be produced every hour of the
day (determined by the power of inverter):

o<P{, <P, t=12..24
inequality on energy capacity of the battery:

t-1
Woa pv +Z[Pé\k/) P&, [*Aat® <w,,, t=2,3,..,24
kL

where: Pp(f,) is the active power of the solar photovoltaic power station at the t-th hour

of the day; PL(t) — the total active power load of the consumer at the t-th hour of the
day; Pg py max 1S the maximum possible charge or discharge capacity of the battery;
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PG(_th.max is the maximum power that can be produced for consumption by the solar

photovoltaic power plant at the t-th hour of the day; W}y is the electrical capacity of
the battery installed in the solar photoelectric plant; W, ,; py is the remaining electric
charge of the battery installed in the solar photovoltaic power station from the
previous day
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